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(54) Title: TRACK MONITORING EQUIPMENT 
(57) Abstract 

For monitoring railway tracks on a frequent basis, instrumentation 
packages are installed in service vehicles (18), for example in passenger 
carriages. The instrumentation package (16) comprises sensors (35, 36, 
42) mounted on a bogie (24) of the vehicle (18), which provide data to a 
computer (40). The computer (40) processes the data to characterise the 
track quality, and stores the results tagged with positional information. 
At intervals these stored results are automatically transferred by radio to 
a remote base station (t2). An operator at the base station can monitor 
the track quality daily, and hence advise on cost-effective maintenance 
schedules. 



13- 



10 



14 



COMPUTER 




A' 000701 48 fh ttp://wvvvv.p,etth^ 



1 

Page 2 of 16 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







*V 000701 48 f http://www.qe tthe paten t.c#m/Loqi^ 



Page 3 of 16 



WO 00/70148 PCT/GB00/01538 



Track Monitoring Equipment 

This invention relates to equipment for monitoring 
railway tracks, in particular for determining the rail 
5 profile. 

Track recording vehicles are known, which include 
instruments for measuring many different attributes of a 
railway track. Such vehicles are expensive both to 

10 purchase and to operate, and consequently railway 
maintenance staff can inspect their lines only at 
infrequent intervals - typically once a month on the 
busiest lines, and less frequently on other lines. Hand 
operated surveying trolleys are also known which are used 

15 to measure track parameters, but these are suitable only 
for short lengths of track, for example in sidings. 
Equipment to enable frequent and regular monitoring of 
track condition on substantially the entire railway 
network would be beneficial, particularly in providing 

20 information about the effect of railway traffic on track 
condition, and in quantifying the effect of maintenance. 

Such frequent monitoring will also enable railway staff 
to decide when to remove speed restrictions which may be 
imposed after track maintenance (such as design 

25 overlift); and indeed when to impose speed restrictions 
if track quality decreases. If track quality can be 
measured on a daily basis, this would also improve 
railway safety, and decrease the risk of derailment. 

30 According to the present invention there is provided 

equipment for monitoring railway tracks, the equipment 
comprising a base station, at least one instrumentation 
package installed in a service vehicle, and automatic 
means for transferring data from the or each 

35 instrumentation package to the base station remotely and 
at intervals, the instrumentation package comprising 
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sensors including at least one accelerometer mounted on 
the service vehicle, at least one position locating 
instrument arranged to provide positional information, 
and a computer arranged to receive data from the sensors 
and to process and store the data, characterised in that 
at least one accelerometer is mounted on a bogie of the 
service vehicle, and that the computer is arranged to 
process data from this accelerometer to determine linear 
displacements . 



10 



The instrumentation package is sufficiently small 
that it can be installed on a service vehicle, for 
example a passenger coach, without causing inconvenience 
to passengers or staff. its operations are totally 
15 automatic, so no staff are required to monitor it. 

Consequently the equipment enables the track along which 
that service vehicle travels to be monitored on every 
journey, so the track may be monitored several times a 
day. Because it is installed in a service vehicle, no 
additional vehicle operating costs are incurred in 
performing the track monitoring. 



20 



The position locating instrument might use GPS. 
More precise information on position may be obtained 
25 using differential GPS, or by detecting the location of 
objects at known positions along or adjacent to the track 
such as points or crossings, APC (automatic power 
control) magnets, or AWS (automatic warning system) 
magnets. Dead reckoning methods may also be used, 
including inertial guidance systems, and measuring 
distance from known positions. 



30 



The sensors of the instrumentation package 
preferably comprise vertical accelerometers mounted on 
35 the bogie, one on each side of the bogie, above a 

wheelset, and also displacement transducers, one on each 
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side of the bogie, arranged to monitor the distance 
between the wheelset and the bogie. Signals from these 
sensors enable the undulations of the top of each rail, 
i.e. the profile of the upper surface of the rail along 
its length, to be detected and measured. The computer 
may also receive data from other sensors, in particular a 
Signal indicating the speed of the vehicle; such a signal 
is typically generated by the wheel slide protection 
system of the vehicle, or it may be generated by a speed 
sensor forming part of the instrumentation package. 
Sensors may also be provided to monitor the lateral 
position of the rails, and vehicle ride quality. 



10 



The invention will now be further and more 
15 particularly described, by way of example only, and with 
reference to the accompanying drawings, in which: 

Figure 1 shows a side view, partly diagrammatic, of 
a vehicle incorporating a track monitoring system; 

20 

Figure 2 shows graphically the vertical 
displacements along the length of a rail, as measured 
using the monitoring system shown in figure 1; and 

Figure 3 shows graphically the measured values of 
vertical displacements over a longer length of track, 
after statistical processing. 

Referring to figure 1, a track monitoring system 10 
includes a base station computer 12 connected to an 
aerial 13 and to a display screen 14. The system 10 also 
incorporates instrumentation packages 16 (only one is 
shown) which are installed in service vehicles, typically 
no more than one such instrumentation package 16 in any 
35 one train. The figure shows a side view, partly 

diagrammatic, of parts of a vehicle 18 comprising a body 



25 



30 
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20 supported on springs 22 on a bogie 24. The bogie 24 
includes a frame 26 and two wheelsets 28 (only one is 
shown), each wheelset 28 being connected by springs to 
the frame 2 6 and each end of each wheelset 28 being held 
5 in an axle box 30 allowing vertical movement relative to 
the frame 26. Each wheelset 28 consists of an axle 31 
and two wheels 32 which rest on the rails 33 of the 
track. 

10 The instrumentation package 16 includes vertical 

accelerometers 35 and linear displacement transducers 36 
at each side of the bogie 24. Each accelerometer 35 is 
attached to the frame 2 6 directly above the axle box 30, 
and each linear displacement transducer 36 is connected 

15 between the frame 26 and a bearing 37 at the end of the 
axle 31, so as to measure any vertical displacement of 
the wheel 32 relative to the frame 26. Signals from the 
accelerometers 35 and transducers 36 are provided to a 
computer 4 0 within the body 20. A tachometer 4 2 on the 

20 bogie 24 measures the rate of rotation of the wheel 32, 
and supplies electrical signals to the computer 40. A 
GPS receiver 44 also provides signals to the computer 40. 
The computer 4 0 might for example locate beneath a 
passenger seat in the vehicle. 

25 

Within the computer 4 0 the analogue signals from the 
accelerometers 35 and the transducers 36 are digitised at 
1 kHz. The resulting digital data from each 
accelerometer 35 are processed (corresponding to double 

30 integration) so as to determine the vertical 

displacements of the frame 26. The corresponding 
displacements of the top surface of the rail 33 can hence 
be calculated, knowing the displacement of the wheel 2 8 
relative to the frame 26. Knowing the speed of the 

35 vehicle 18 from the tachometer 42, the computer 40 

calculates the values of this vertical displacement y 
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every eighth of a metre along the rail. The signal 
processing also filters out any longer wavelength 
undulations, for example all undulations of wavelength 
greater than 35 m. Hence the values of y represent the 
5 local displacement of the top surface of the rail 33 from 
a smooth curve. (It should be appreciated that the term 
"vertical", in this description, refers to a direction 
perpendicular to that of the smooth curve followed by the 
rail; that smooth curve could be found by filtering out 
10 all short wavelength undulations of wavelength less than 
a threshold, and that threshold would usually be usually 
set at a value less than 100 m.) 

Referring now to figure 2, there is shown 
15 graphically a set of measurements of vertical 

displacement y of a rail 33 over a distance of 100 m, as 
obtained with the system 10. These measurements are 
virtually identical to those obtained with a standard 
track measuring device. It will be observed that along 
20 this section of track the rail 33 is typically within 10 
mm of the smooth curve, but at one point the value of y 
exceeds 20 mm. With good quality track this detailed 
information would not be stored, but the computer 40 is 
arranged to store detailed information over a distance 
25 such as 100 m if the value of y exceeds a threshold value 
- as occurred in this case. 

The values of vertical displacement y are usually 
further processed, by determining the root mean square 

30 value of y (say y') over a set distance, for example over 
a length of one eighth of a mile (i.e. one furlong; about 
201 m) . These values of y' may be used as an indication 
of the smoothness of that length of the rail 33. The 
computer 40 then stores in its memory the values of y' as 

35 calculated for each such length of the rail 33. At 

intervals the computer 40 transmits all the stored data, 
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via an aerial 4 6 to the' base station 12. This may be in 
response to a signal from the base station 12, and may, 
for example, be done once a day. The stored and 
transmitted data is preferably tagged with positional 
information obtained from the GPS receiver 44. The 
values of y' can then be displayed for every section of 
track along which the vehicle has travelled. Referring 
now to figure 3, this shows graphically the measurements 
of root mean square vertical displacement, y', for 
successive furlong lengths of a railway line, over a 
distance of almost 8 miles (the values of zero at the 
start of the graph are an artifact arising from the 
method of calculation) . 



15 



20 



To check the accuracy of the system 10, a series of 
eight test runs have been carried out over a section of 
track to compare the results obtained as described above 
with those obtained using a conventional analogue track 
recording system. For each system, the root mean square 
values, y', were averaged over a distance of 27 furlongs 
to provide a running mean. The running means for the two 
systems were then compared for each test run. The 
maximum difference between the measurements obtained with 
the two systems was 3.0 percent, while the average (over 
25 all the test runs) of the differences between the running 
means was only 1.2 percent. This confirms that the 
measurements made with the system 10 are accurate. 



30 



As described above, the system 10 obtains 
information about the longitudinal profile of one rail 
33. That information can also be processed differently, 
for example filtering out wavelengths longer than 70 m. 
It will be understood that the system 10 simultaneously 
obtains information about the longitudinal profile of the 
35 other rail, from the accelerometer 35 and displacement 
transducer 36 mounted on the other side of the bogie 24. 
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The information may also be processed to detect if 
wavelengths are present in the longitudinal profile of 
either rail 33 which are likely to cause vehicles to 
resonate vertically, such wavelengths being known as 
5 cyclic top. The system 10 also obtains information about 
the twist of the track, from the differences between the 
measurements of vertical displacement y for the left and 
right rail 33, compared over a set distance, for example 
of 3 m. The resulting twist signal provides an 
10 indication of any irregularities in twist and hence 
indicates any twist faults. 

Hence the system 10 enables the track geometry to be 
recorded frequently, and enables any deterioration of 

15 track quality to be monitored. This enables maintenance 
to be planned cost-effectively, and better maintenance 
can be expected to lead to improved track quality and 
longer asset lives. It will be appreciated that track 
quality is also beneficial to train operators, as it 

20 influences the ride comfort experienced by passengers or 
goods, and because poor track quality gives rise to 
dynamic forces that cause stresses in the vehicles that 
can sometimes lead to component failure. 

25 It will be appreciated that the system 10 might 

differ from that described above, and in particular it 
might also measure other parameters concerning track 
quality. For example it might include optical sensors to 
detect any lateral displacements of the rails. Such 

30 detectors would also enable the track gauge to be 

monitored. Other sensors mounted on the bogie 24 might 
measure cant, curvature, or gradient. There may also be 
vertical and lateral accelerometers provided on the body 
20, whose signals are provided to the computer 40, to 

3 5 obtain information on the ride quality. Furthermore the 
computer 4 0 might be mounted on the underside of the body 
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20, rather than within it. It will also be appreciated 
that the signals might be processed differently, for 
example being digitised at a different frequency 
preferably in the range 500 Hz to 3000 Hz, for example at 
2 kHz. It will also be appreciated that the 
instrumentation package may be installed on any type of 
service vehicle, including for example vehicles with air 
spnngs, and including for example freight vehicles 
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Claims 

1. Equipment (10) for monitoring railway tracks (33) 
the equipment comprising a base station (12, 13, 14) at 
5 least one instrumentation package (16) installed in a 
• service vehicle (18), and automatic means (46) for 
transferring data from the or each instrumentation 
package (16) to the base station (13) remotely and at 
intervals, the instrumentation package (16) comprising 
10 sensors including at least one accelerometer (35), at 
least one position locating instrument (44) arranged to 
provide positional information and a computer arranged to 
receive data from the sensors and to process and store 
the data, characterised in that at least one 
15 accelerometer (35) is mounted on a bogie (24) of the 

service vehicle (18), and that the computer is arranged 
to process data from this accelerometer to determine 
linear displacements. 

20 2. Equipment as claimed in claim 1 wherein the position 
locating instrument uses GPS (44) . 

3. Equipment as claimed in claim 1 or claim 2 wherein 
the sensors of the instrumentation package comprise 
25 vertical accelerometers (35) mounted on the bogie (24) 
one on each side of the bogie, above a wheelset (28, 31) 
and also displacement transducers (36), one on each side' 
of the bogie (24), arranged to monitor the distance 
between the wheelset (28, 31) and the bogie (24) 



30 

4 



Equipment as claimed in any one of the preceding 
claims also including a sensor (42) to measure the speed 
of the vehicle (18) . 
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5. Equipment as claimed in any one of the preceding 
claims also including a sensor to monitor the lateral 
position of the rails. 

5 6. Equipment as claimed in any one of the preceding 
claims wherein the computer is arranged to digitise data 
from the said accelerometer at a frequency in the range 
between 500 Hz and 3000 Hz. 
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